History of Chemical Carcinogenesis
In 1567 Paracelsus suggested that the "wasting disease of miners" might be attributed to exposure to realgar (arsenic sulfide).
In 1761, John Hill noted that nasal cancer occurred in some people who used snuff excessively and in 1859 Bouisson described oral cancer in tobacco smokers.
y The London surgeon Percival Pott in reported in 1775 that cancer of the scrotum sometimes developed in men after being exposed in childhood when they worked as chimney sweeps.
Epidemiological evidence has been important in detecting carcinogenic Epidemiological evidence has been important in detecting carcinogenic substances. Rehn (1895) reported an increased incidence of bladder cancer in aniline dye workers in Germany. The major carcinogen involved is now believed to be 2-naphthylamine.
Work with radium suggested the induction of skin cancer by repeated X-ray burns d i 1910 t 1912 M i Cl t d R l t L i t t d th i d ti f i and in 1910 to 1912, Marie, Clunet and Raulot-Lapointe reported the induction of sarcoma in rats by the application of X-irradiation.
The first chemical induction of cancer in laboratory animals was achieved by Yamagiwa and Ichikawa (1915) by painting coal tar on the ears of rabbits every 2-3 days for more than a year. The first pure carcinogen, 1,2,5,6-dibenzanthracene, was synthesized in 1929 and in the 1930s Kenneway and Cook and their associates isolated carcinogenic polycyclic aromatic hydrocarbons including benzo(a)pyrene from coal tar.
In the early 1900s, Boveri proposed a mutation theory of carcinogenesis but at that y p p y g time it was not amenable to chemical investigation. 
MUTATION AND CARCINOGENESIS
Boveri was the first to suggest that chromosomal changes lead to cancer and in 1916 Tyzzer introduced the term "somatic mutation". Evidence in favor of the somatic mutation theory has been summarized as follows: in favor of the somatic mutation theory has been summarized as follows: 1. Most chemical carcinogens are mutagens 2. Most carcinogens and mutagens are strong electrophilic reactants. 3 Ionizing or ultraviolet radiation and most chemical carcinogens cause 3. Ionizing or ultraviolet radiation and most chemical carcinogens cause lesions in DNA. 4. Defects in DNA repair capacity are associated with a high risk of cancer. 5 A high frequency of chromosomal aberration is correlated with an 5. A high frequency of chromosomal aberration is correlated with an increased risk of malignancy. 6. Cell transformation by oncogenic viruses implies a change in the genetic information. 7. A malignant phenotype is inherited in the cell line. 8. Tumors are mostly monoclonal in origin. 9. Chromosomal changes found in tumors are frequently found to be nonrandom.
TESTING OF CHEMICAL CARCINOGENS TESTING OF CHEMICAL CARCINOGENS
It h t b i ll f ibl t t t It has not been economically feasible to test all the compounds to which people may be exposed. Criteria for selection include:
A.
Compounds related to known carcinogens B. New compounds that are to be placed in the environment C. Compounds that are indicated by epidemiological surveys to be associated with an increased incidence of cancer
TESTING IN LABORATORY ANIMALS
Testing in laboratory animals is the most reliable procedure for detecting carcinogenic activity. There can be metabolic and pharmacokinetic differences between species that make it preferable to examine more than i one species.
Pure compounds should be administered to adequate numbers of test animals (not less than 10) and there should be appropriate controls.
The route of administration can influence the numbers of tumors and The route of administration can influence the numbers of tumors and the tissues affected. The dose level must be high enough to see tumors in a statistically reliable number of animals. Chronic studies over the lifetime of the animal are necessary. Careful pathological examination of all dead animals is essential.
Diet, cage bedding and exposure to insecticides can all influence tumor induction.
Alth h d ti l f id tifi ti f Although pure compounds are essential for identification of a carcinogen such a test system will not detect the synergistic action of tumor initiators and promoters.
There is uncertainty on whether threshold levels exist for the There is uncertainty on whether threshold levels exist for the detection of carcinogenic compounds.
IN VITRO TESTING OF CHEMICAL CARCINOGENS IN VITRO TESTING OF CHEMICAL CARCINOGENS
The high cost of animal screening has driven the search for h t t i it t t Th b t k i it t t i th t d i d short-term in vitro tests. The best known in vitro test is that devised by Bruce Ames which measure mutagenicity in a Salmonella strain that requires histidine for growth. Mutation can result in a reversion to the wild type phenotype that permits growth in the absence of to the wild type phenotype that permits growth in the absence of histidine.
Because many carcinogens require metabolic activation, the bacteria are incubated with a rat liver S9 fraction the bacteria are incubated with a rat liver S9 fraction.
The theoretical basis for tests of this type is the good but not perfect correlation between mutagenic and carcinogenic activity. For some studies this has been about 90% for large numbers of For some studies this has been about 90% for large numbers of compounds but other studies have seen a correlation of about 75%.
The Ames Test for mutagenicity
Mutagenic versus carcinogenic potency
The Diversity of Chemical Carcinogens Before considering the mechanism(s) of chemical carcinogenesis it is appropriate to review the variety of substances associated with the induction of cancer. The number of known carcinogens in experimental animals is large. it is suspected that most of these are potentially carcinogenic in humans but documentation is lacking in most cases. The are potentially carcinogenic in humans but documentation is lacking in most cases. The following list includes substances for which there is good evidence of carcinogenicity in humans. The list is adapted from one given by Miller The low pH in the stomach favors the conversion The low pH in the stomach favors the conversion of nitrite to the uncharged nitrous acid which reacts with amines to form nitrosamines.
The reaction is inhibited by ascorbic acid (vitamin y ( C).
